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Cloud Computing

e New paradigm.

e Saa$, PaaS, laaS, HaaS, * as a services.

e Pay-as-you-go model!!

e QoS parameters : SLA (Service Level Agreement)

Figure: Cloud Computing Services Offering Models

e Cloud used to run users applications .
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Applications

e Contain
e Scientific workflow: e Large number of tasks.
bioinformatic, astronomy, ... e Complex data of various sizes.
e Need :

e High computation power.
e IT infrastructures availability.

¢ Require(QoS):
e Execution time

e Execution cost
e Reliability
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Workflow scheduling

e Workflow scheduling
Process that maps and manages
the execution of interdependent
tasks on distributed resources.

o Related works
Several previous works:

e time and cost. ' = lf‘}
e Reliability, Energy:.

Figure: Conflicting Objectives
e Contribution
Extending previous works to
handle multiple QoS. e Workflow Scheduling =
NP-Complete.
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Objectives

e Developing MOO algorithms for QoS-based workflow
scheduling in cloud environments.

e The Scheduler:

Analyze the users QoS parameters,

Map the workflow tasks on resources so that:
The execution must be completed,

Users QoS constraints must be satisfied,

The use of cloud resources must be optimized.
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Cloud computing model

e M heterogeneous Virtual Machines (VMs),
fully interconnected,

Different processing capabilities,

Different prices.
DVFS-enabled in the case of HaaS.
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Workflow model

e Workflow = DAG G = (T, E)
e T : tasks, and E : data dependencies

Entry task

O Task

— 3 Precedence constraint

dij
——— Data transfert volume
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QoS parameter models(1/3)

e Cost model
Ctotal = Cex + Ctr

n
Cox = E W; * G
i=1

n n
Gy = sz’l * trcj;

i=1 j=1

e Time model (makespan)

Tiotal = mMax AFT( Texit)

Cost

Time
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QoS parameter models (2/3)

e Availability model
o Reliability model

Probability that the workflow will be
executed successfully.

Average time that the VMs are idles
during the workflow execution.

ST s execut/onT/meJ
Riotal = exp 2y wiehi Atotal = 7 §

)

Makespan

A; = failure rate of the VM .
M= number of VMs.
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QoS parameter models (3/3)

e Energy model

Derived from the power consumption model in CMOS circuits
(DVFS)

n
E. :ZACef* v,-2* fi % wr;
i=1

e A: switches per clock cycle, C: capacitance load,
e V: supply voltage, f: frequency,

e wr: real completion time of task on the scheduled processor

Higher the frequency level = higher the energy consumption
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Scheduling Model

e Construct a mapping M of tasks to VMs

e Without violating precedence constraints
e Minimizing the conflicting objectives:

@ Makespan: min T (M)

@ Cost: min Ciorar(M)

© Reliability: max Riotar( M)

@ Auvailability: max Ao (M)

© Energy: min Eiorai(M)

iy
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Proposed Solutions

GA: Makespan + Cost + reliabilty 4+ Availability.

GAVI(Viral Infection): Makespan + Cost + reliabilty +
Availability + QoS Constraints + hard constraints
(Taski-Resourcej)

NSGA-II
PAES
DVFS-MODPSO : Makespan + Cost + Energy.

Sonia Yassa Vichy 2014 QoS-based Workflow Scheduling in Cloud Computing

13 /33



Proposed Solutions UNIVERSITE
E | s T | de Cergy-Pontoise

The Proposed Solution

e The use of Genetic Algorithms (GA) is usually efficient to
address NP-hard problem.

e Define:

e A structure encoding a solution.
e A fitness function.
o Genetic operators: selection, crossover, mutation
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Simplified GA flowchart
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Solution encoding

VM, VMg | VM, VMg
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Fitness function

e n QoS attributes to be minimized.

e m QoS attributes to be maximized.

F = Z Wi * qlmln + Z wJ qjmm )

qlmaX qlmln quaX qmln
e wj(wj): weights for QoS attribute

® Qimin, (Qimax): minimal (maximal) values of the objective i in
the current pool of the solutions.
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Fitness function

QoS; \* " o 2
Max 1,( — ) : if QoS;to minimize
Limit;

Limit;\? - o
Max 1,( ) : if QoS; to maximize
QoS;

Penalty; =

Fitness = F x H Penalty;
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Genetic operators

e Selection e Crossover
e keep only the top a% Ratio — Fitness;
solutions. Fitness; + Fitnessy
e Select parent solutions in the
remaining pool. ) )
L4 Mutation 7 T, T; T par:‘somm:'s, s 732 Ta Tg
e Each solution has Y% to be ™ R e | | ™ ™ S
mutated, a A A A -
e Change VM associated with ;‘M. lez ;ﬁnl ;:AZ ;ﬁna
the task. Offspring solution
Sonia Yassa Vichy 2014
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Genetic operators

e Viral Infection

e It aims at repairing solutions that do not respect the hard
constraints instead of deleting them.

e The idea is to create a virus for each constraint whose type is
: Task X must be scheduled on Resource Y.

o After selection, crossover and mutation : every solution that
doesnt meet the CSP requirements is infected by the
associated virus and repaired.

Solution $1: Sohtion $2; Vi

doesn’t [espect the constiaints respect the constraints. nuses

[ N N [ v [
[ @ [ [ [ ] [ v [ (e [ JE] (e
Is immvume to (T1L,R2) but vulnerable to (T6,R 1) and (T6,R3) 15 immime to (T1.R2), (T6,R1) and (T6.R3)

Infection of $1 by the virus (TR 1)
(e 1m0 [ T Tee B " [ ]"
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Applications

e Benchmark employed in the simulations:

,qu suu siceq
500000) ] (500000) ] (500000)

(600000 " (800000) "~ (800000)

(a) Hybrid workflow  (b) Parallel workflow
(protein annotation)  (neuro-science)

Figure: Workflow applications
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Experiments

e VM characteristics from Amazon EC2 cloud

Speed (MIFS) Price $'h Failure Rate
mixlarge 5400 052 07
m2xlhrge 4800 057 07
m2_2xlarge 8500 T14 0%

e Evaluation process:

Sonia Yassa

Perform a single-objective optimization.

Run our algorithm to get the multi-objectives results of each
metric.

Compare the values obtained.

Vary the weights of the various QoS metrics.

Compare our results with those of the HEFT algorithm.
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Results

Experiments

e Hybrid workflow best values

Makespar | Cosi | Reliabilify | Availabidity

(s) () (%) (%)
HEFT 452899 | 226875 | 99.99%4895 4476
B. Makespan 441.176 23829 999955172 35185
B. Cost 688235 | 191176 | 99.9993118 66.6667
B. Reliability 616349 | 2.50272 | 99.999624 512732
B. Availability 456738 230511 999955763 34.1826
Overall best
values 441176 | 191176 | 99.999624 34.1826
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e Parallel workflow best values
Makespan Cost Reliabiliy | Availabiliy
© ) 4) %)

HEFT 541.176 3.14293 99.9993998 30.309
B. Makespan 481.612 3.25549 99.9994593 18.8851
B. Cost 894.118 248366 959.999105% 66,6667
B. Reliability 962.963 345921 99.9996214 56.8929
B. Availability 481612 3.25549 959594593 18.8851
Overallbest

values 481.612 2.48366 99.9996214 18.8851
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Results

1 [ ]
e Hybrid workflow results Parallel workflow results
Paralle] Makes- | Cast Relichiliy | Availabili
Hybrid Makes- | Cest Relichiliy | Availabil pan () ) %)
L] ] il bl GA (025025025025 | 481612 | 3 2@49 99999459 | 18.8851
GA(0.25025025025) | 441176 | 232503 | 99599511 | 367593 ¢ )
GA(0 14058 014014) | 652941 | 196805 | 99999342 | 643083 GA(0.140.580.140.14) | 600 2.95267 | 99.999354 | 40,9465
GA(0220560.11 0.11) | 476471 | 2.24946 | 99999490 4470 GA (022056 011011) | S09.807 | 3.13839 | 99999441 | 25.1625
Overall best values 441176 | 191176 | 99.995624 34.1826 Overall Best values 481612 | 248366 | 995996214 | 188851
HEFT 492899 | 226875 | 99.9994895 44.71 HEFT 541176 | 3.14293 | 99.9993998 30309
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Results

e Compare GAVI with GA by assessing the number of invalid

solutions.
T 100 —& . 4 !E i NbhCstr:
Z 80 % ——1
5 60 & L Y =
- B N W T T 5
w
N\
E 0 = 3 =15

1 2 5 10 15 20 25

Iterations

e Experiment run on the two 15 tasks workflows using different
numbers of constraints and a pool of 3 resources : The
efficiency of the classical genetic algorithm without viral
infection plummet as the number of constraints increases.
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Results

e Interest of the proposed penalty method when adding
constraints on the QoS

Algo. Constraints Makespan (s) Cost (S) Reliability
GA* time<=500 481.612 3.25549 0.999995

479.532 3.28068 0.999995
GA* Cost<=2.5 894.118 2.48366 0.999992
GA* reliability>=0.999997 666.667 3.788806 0.999997
GA* time<=550,cost<=3.2 529.412 3.12954 0.99.9994

e Results of the QoS constrained optimization on the parallel
workflow
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e comparing with other algorithms
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Fitness Evaluation
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Conclusion & Perspectives

Conclusions

e We have investigated the QoS based scheduling problem on
scalable computing systems

e We proposed GA for workflow scheduling

e A new fitness function model which can takes into account a
great number of users and providers QoS requirements
specified in the SLA.

e The proposed solution outperforms related approaches .

Sonia Yassa Vichy 2014 QoS-based Workflow Scheduling in Cloud Computing



UNIVERSITE
E | s T | de Cergy-Pontoise
Conclusion & Perspectives

Perspectives

e We plan to implement our algorithms in workflow
management systems (Cloudbus).

Explore other meta-heuristics (e.g.,PSO+Tabu, ACO, SA)

Consider other QoS metrics: Security,

Parallelization
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Granado, A Genetic Algorithm for Multi-Objective
Optimization in Workflow Scheduling with Hard Constraints,
International Journal of Metaheuristics, 2013 Vol.2, No.4,
pp.415 - 433

® S. Yassa, R. Chelouah, H. Kadima, B. Granado,
Multi-Objective Approach for Energy-Aware Workflow
Scheduling in Cloud Computing, The Scientific World Journal,
vol. 2013, Article ID 350934, 13 pages, 2013.
doi:10.1155/2013/350934
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Conclusion & Perspectives

Thank you

Are there any
e Questions?

e Comments & Suggestions
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